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Procedure
A submandibular incision was made and a sub-platysmal flap was raised to expose the entire length of the mandibular defect. Apart from the preservation of vital structures in the area, it was important not to violate the oral mucosa to prevent contamination of the reconstruction site. A cortico-cancellous allogenic bone graft (Maxgraft®, Botiss Medical AG, Berlin, Germany) was fitted to the mandibular defect and anchored with bicortical screws (2.5; 2.8 mm, lengths 14-20 mm) to a pre-bended 2.5 mm reconstruction titanium plate (Modus Reco 2.5, Medartis, Hochbergerstrasse Basel Switzerland). The remaining gaps between the inlaid grafts were filled with the remaining cancellous bone and biomimetic composite materials. (Figure 2 ) Although allogenic bone grafts with cortical and cancellous components are recommended for mandibular ramus and condylar reconstruction as these regions are composed of nearly 100% cortical bone, xenogenic (Cerabone®, Botiss Medical AG , Berlin, Germany) or combined alloplastic material-(Maxresorb®, Botiss Medical AG , Berlin, Germany) bone grafts may be used in other regions. (Figure 3 ) Meanwhile, venous blood was simultaneously drawn from the patient and placed in a 10 cc glass collecting tube for single centrifuge processing using a PC-O2 centrifuge (PC-O2, Process, Nice, France). The specific centrifuge processes eight uncoated tubes using a standard protocol specially manufactured for processing PRF using 33° tube angulation at 2700 RPM's, soft spin for 12 minutes. 4 ( Figure 4 ) At the end of the centrifugation process, three distinct fractions of blood components were produced where the intermediate fraction composed of dense PRF clot was used. The other blood components separated by the centrifugation process-serum or platelet-poor plasma (PPP) and red blood cell concentrates, were respectively situated in the superficial and bottom layers of the collecting tube. The PRF clots were then transferred to a PRF processing box (PRF Box®, Process, Nice, France) to prepare standardized membranes and harvest the PRF exudates in a sterile environment.
5 ( Figure 5 ) Collagen material of native pericardium (GTR/GBR) membrane (Jason® membrane, Botiss Medical AG, Berlin, Germany) was placed underneath the graft recipient site and the processed PRF membranes were layered over the graft recipient site to stimulate osteoblastic differentiation and neoangiogenesis. 6 the neomandible and allowing osteogenesis and angiogenesis. 7 Commercially available collagen biomaterials vary from native collagen membrane to enhanced Ca/P collagen composite materials such as the 3D-stable collagen graft (Mucoderm®, Botiss Medical AG, Berlin, Germany) with larger available sizes for long mandibular defect coverage. The skin was closed in the usual manner and the patient was initially maintained on a liquid diet, progressing to a soft diet over 2-4 weeks. Plain panoramic radiographs after a week confirmed proper alignment of the bone grafts and monthly radiographic series was recommended for the first 6 months after reconstruction.
RESULTS
Monthly panoramic radiographs for the first six months after reconstruction showed absence of bone resorption. A 3D reconstruction CT imaging of the mandible was done after 10 months for placement of three osteo-integrated dental implants. (Figure 7 ) Bone biopsies were also taken in conjunction with placement of dental implants, and sent to the University of Bonn, Germany for histologic evaluation. (Figure 8 ) The trichromestained specimens showed new mineralized tissues consisting of woven bone characterized by high numbers of distributed osteocytes and irregularly arranged fiber bundles within the new bone matrix confirming bone regeneration. (Figure 9 ) The latest panoramic radiograph of the patient at 26 months after surgery showed absence of gaps between the bone grafts and their junction with the normal mandible, evincing complete bone regeneration and a successful mandibular reconstruction. (Figure 10) A total of 14 cases of segmental mandibular defects have been reconstructed by the authors using the particular technique from January 2011 to February 2013 with 100% success rate and will be reported as a series in the near future. 
DISCUSSION
Advancements in mandibular reconstruction have continued to develop over the past decades. The use of alloplastic materials like titanium plating implants for repairing mandibular defects provided patients with rapid rigid mandibular restoration but was limited by numerous complications such as infection, plate extrusion, and subsequent failure. Recently, the concept of distraction osteogenesis, involving bone distraction with an external mechanical device and progressive lengthening of the bone to allow a gap of new bone during the consolidation phase has also been used for mandibular reconstruction but has been limited by poor scar formation, delayed return to function, and inadequate formation of desired bone length. 8 The advent of microvascular reconstructive surgery enabled the transfer of vascularized osseous flaps with the most commonly used fibular free flap showing superior results over non-vascularized bone transfer and better quality of life outcome. However, it did not remain free of donor-site morbidities. 9 Tissue engineering led to the development and use of bone grafts that hold promise for the future of head and neck repair. 10 Numerous clinical studies demonstrated the utility of tissue engineering in developing bone grafts for mandibular defect reconstruction. 11 Such have already been widely used over the past decades in oro-maxillary and dental reconstruction, including the recombinant bone morphogenetic protein (rhBMP-2) that is now used with great success in cleft palate repair, alveolar ridge augmentation, and sinus lift procedures. 12 Autogenous bone grafts derived from the patient work through osteogenesis, osteoinduction and osteoconduction. However, such are not recommended because apart from enabling a donor site morbidity-free technique, they are best harvested as microvascular flaps. Allogenic bone grafts on the other hand are cadaveric processed grafts that may be cortical, trabecular, or combined in composition and have both osteoconductive and osteinductive properties. Xenografts or processed animal bone graft are a subgroup of the synthetically manufactured alloplasts known to form new bones from their osteoconductive activities.
The use of autologous PRF is already widely used in combination with bone grafts for dental surgeries but not for large mandibular defects. 13 Our reconstructive technique using bone grafts for large segmental mandibular defects emphasizes the important role of PRF with its intrinsic factors and leukocyte contents that release high amounts of growth factors such as TGBß1, PDGF-AB, VEGF and matrix glycoproteins.
14 Collagen membrane used to envelop the entire recipient site creates a membrane barrier to prevent the growth of soft tissues and allow angiogenesis within the neomandible. 15 Fascia lata may be used as a membrane barrier but defeats the authors' goal of an absolute donor site morbidity-free procedure. Overall, this particular technique along with gentle tissue handling and avoidance of oral cavity contamination for reconstructing large mandibular defects has been found to enhance bone regeneration capable for osteo-integrated dental implantation.
Generally, the harvesting and processing of autologous PRF is simple and inexpensive. Its use with bone grafts is a good substitute for segmental mandibular reconstruction in patients with contraindications to free flap procedures or in cases where patients simply wish to be free from any donor-site morbidity. However, this technique is limited to defects secondary to trauma and ablation of benign conditions as bone regeneration is expected in approximately 6 to 9 months. Mandibular defects following resection of malignant oral neoplasms are still best reconstructed with fibular free flaps as radiation therapy is warranted at the soonest possible time. Histologic validation of bone regeneration and osteoblastic activity index for the 13 other cases performed by the authors using this particular technique necessitates bone research centers that are capable of advanced bone analysis, and none are locally-available at this time. Meanwhile, this technique of combining autologous PRF in bone grafting remains an innovative and invaluable option for mandibular reconstruction today.
